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Background:  The  main  reasons  for revision  of  unicompartmental  knee  arthroplasty  (UKA)  are  loosening,
wear,  extension  of  osteoarthritis  to  another  compartment,  and  infection.  There  have  been  no  studies  of
the  management  of infected  UKA,  whose  incidence  varies  from  0.2% to 1%.  Our  objective  was to  describe
infection-related  and  mechanical  outcomes  of chronic  UKA  infection  managed  by one-stage  conversion
to  total  knee  arthroplasty  (TKA).
Patients  and methods:  Consecutive  patients  with  chronic  UKA infection  managed  by one-stage  conversion
to  TKA  between  January  2003  and December  2010  were  included  in  a  retrospective  single-center  study.
All  patients  also  received  appropriate  dual  antibiotic  therapy  intravenously  for  6 weeks  then  orally  for  6
additional  weeks.
Results: During  the  study  period,  among  233  cases  of  infected  knee  arthroplasty  managed  at  our  center,
9 met  the  study  inclusion  criteria.  The  UKA  was  medial  in 6  patients,  lateral  in 2,  and  patellofemoral
in 1.  Median  age  was  67  years  (range,  36–83  years)  and  median  infection  duration  was  9 months.  In
5 patients,  previous  treatment  with  synovectomy,  joint  lavage,  and  antibiotics  had failed.  The fol-
lowing  bacteria  were  identiﬁed:  oxacillin-susceptible  Staphylococci,  n  = 6 (S. epidermidis,  n  =  4; S. capitis,
n  =  1; and S. lugdunensis,  n  = 1);  nutritionally  deﬁcient  Streptococcus, n  =  1; Enterococcus  durans,  n =  1; and
Escherichia  coli,  n = 1.  Median  follow-up  was  60 months  (range,  36–96  months).  No  patient  experienced
recurrent  infection  or required  revision  surgery  for  infection.  No  medical  complications  limiting  the  use
of appropriate  antibiotic  therapy  were  recorded.  The  mean  preoperative  knee  and  function  scores  were
60  and  50, respectively;  corresponding  mean  postoperative  values  were  75 and  65, respectively.
Discussion:  UKA  infection  involves  both  the  prosthesis  and  the native  cartilage,  neither  of which  can
be  treated  conservatively  in chronic  forms.  After  identiﬁcation  of  the causative  organism,  synovectomy
and  joint  excision  followed  by  same-stage  TKA  and  combined  with  appropriate  antibiotic  therapy  for
3  months  is effective.
Level  of evidence:  IV,  retrospective  cohort  study.
©  2015  Elsevier  Masson  SAS.  All  rights  reserved.. Introduction
Advantages of unicompartmental knee arthroplasty (UKA) com-
ared to total knee arthroplasty (TKA) include preservation of bone
tock, knee kinematics that more closely replicate those of the nor-
al  knee, less morbidity, and a faster recovery [1,2]. UKA produces
atisfactory outcomes when used to treat incapacitating, primary
r secondary, unicompartmental knee osteoarthritis. The 10-year
KA survival rate, evaluated at 70% in an early study by Mar-
or  [3], was 90% to 95% in recent work by Argenson et al. and
ustig et al. [4,5]; and the functional outcomes were satisfactory.
∗ Corresponding author. Tel.: +33 1 44 64 16 40.
E-mail address: smarmor@hopital-dcss.org (S. Marmor).
http://dx.doi.org/10.1016/j.otsr.2015.04.006
877-0568/© 2015 Elsevier Masson SAS. All rights reserved.The main reasons for UKA revision are loosening, extension of the
osteoarthritis to another compartment, wear, and infection [6]. The
frequency of periprosthetic infection after UKA is 0.2% to 1% [6–9].
A distinctive feature of UKA infection is that both the prostheses
and the native cartilage are involved. Infection is an uncommon
but severe complication that requires multidisciplinary surgical
and medical management to both eradicate the infection and pro-
duce the best possible functional outcome. Chronic infection cannot
be treated conservatively. Joint resection followed by one-stage or
two-stage TKA is an option in this situation. To date, no studies have
speciﬁcally addressed the management of UKA infection.The objective of this study was to describe the infection-related
and mechanical outcomes of synovectomy followed by one-step
TKA in patients with chronic UKA infection. We  hypothesised that
this one-step surgical strategy was  associated with a high rate of
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nfection eradication and produced functional outcomes similar to
hose seen after aseptic UKA revision.
. Patients and methods
A retrospective single-centre design was used. The study
ncluded consecutive patients with chronic UKA infection managed
etween January 2003 and December 2010 at a specialised center
n osteoarticular infections.
.1. Study population
The patient characteristics were retrieved from the depart-
ent database and patient medical records. Of the 233 patients
ith knee prosthesis infection, 9 were consecutive patients with
hronic UKA infection managed by one-step conversion to TKA
n 2003–2010 and were included in the study. There were 6
ales and 3 females, with a median age of 65 years (range,
6–83 years) and a median body mass index of 25.5 kg/m2 (range,
0.2–29.4 kg/m2). Among them, 6 had a medial prosthesis, 2 a lat-
ral prosthesis, and 1 a patellofemoral prosthesis. The reason for
KA was primary unicompartmental osteoarthritis in 5 patients,
ost-traumatic osteoarthritis in 3 patients, and avascular necrosis
f the medial femoral condyle in 1 patient. In 2 patients, there was
 history of local infection before the UKA: infected supracondylar
on-union without bacteriological documentation occurred 7 years
efore patellofemoral UKA in 1 patient and infection of a synthetic
nterior cruciate ligament 8 years before UKA in the other. Another
atient experienced infection after internal ﬁxation of a medial
ondylar fracture 4 months after UKA.
At referral to our centre, all 9 patients had chronic knee infection
ith a median duration of 9 months (range, 2–84 months). A sinus
ract was present in 2 patients. Furthermore, 5 patients had failed
revious treatment with synovectomy, joint lavage, and antibiotics.
he median number of procedures before referral to our centre was
 (range, 1–19).
.2. Medical and surgical management
.2.1. Criteria used to diagnose infection
Infection was suspected on the basis of clinical, radiological,
nd laboratory criteria. Joint aspiration was performed rou-
inely before the surgical procedure, after stopping all antibiotics
or at least 3 weeks. The results were conﬁrmed by obtaining
eep intraoperative specimens before antibiotic therapy initiation.
icrobiologically documented infection was deﬁned as recovery
f the same organism from at least two intraoperative specimens
10,11].
.2.2. Microbiological ﬁndings
A single organism was recovered in each of the 9 patients.
he most common organisms were oxacillin-susceptible Staphylo-
occi, with 6 patients (S. epidermidis, n = 4; S. capitis,  n = 1; and
. lugdunensis, n = 1). There was 1 case each of nutritionally deﬁcient
treptococcus, Enterococcus durans,  and Escherichia coli.
The preoperative joint aspirate was negative in 2 patients.
ne of them was the patient with a history of medial condylar
racture infected with E. durans,  which was also recovered from
he specimens taken during UKA-to-TKA conversion. The other
as the patient who had a history of infected supracondylar
on-union without bacteriological documentation 7 years before
atellofemoral UKA; osteoarthritis extension required revision
urgery 3 years after the UKA. The macroscopic appearance sug-
ested infection and the intraoperative specimens collected before
he initiation of prophylactic antibiotic therapy grew a nutritionally
eﬁcient Streptococcus.  In both of these patients, the prophylacticFig. 1. Exchange of an infected unicompartmental knee prosthesis for a total knee
prosthesis.
antibiotics started intraoperatively were continued until the results
of the intraoperative specimens became available, allowing adjust-
ment to the susceptibility proﬁle.
2.2.3. Surgical treatment
Total synovectomy was performed and the prosthesis was
removed, as well as all infected tissues. One-step TKA was  then car-
ried out. A cemented posterior-stabilised prosthesis was implanted
in 7 patients (Fig. 1). In the remaining 2 patients, extensive damage
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tig. 2. Exchange of an infected unicompartmental knee prosthesis for a hinged total
nee prosthesis with a medial wedge to ﬁll the defect.
o bone or ligaments required implantation of a cemented hinged
rosthesis (Fig. 2). Reconstruction using wedges after performing
he tibial and femoral cuts was required in 6 patients and stem
xtensions were used in 5 patients. Non-antibiotic cement was used
or implant ﬁxation.
.2.4. Antibiotic therapy
Antibiotic therapy was started intraoperatively, after collectionf the specimens for microbiological studies. The results of the pre-
perative joint aspirate, when positive, were used to select the
ntibiotics. Two antibiotics were given intravenously for 6 weeks
hen orally for an additional 6 weeks.: Surgery & Research 101 (2015) 553–557 555
In 1 patient, severe dilated cardiomyopathy had previously con-
traindicated surgery, leading to the prescription of suppressive
antibiotic therapy for 5 years. Stabilisation of the heart failure by
implantation of a pacemaker then allowed curative strategy.
All patients underwent a clinical and radiological evaluation at
least 2 years after the UKA-to-TKA conversion. The International
Knee Society (IKS) scores were determined to evaluate the mechan-
ical outcome [12]. Failure to eradicate the infection was  deﬁned
as recurrent infection due to the same organism or to a different
organism.
3. Results
Table 1 lists the main epidemiological and medical data.
Median overall follow-up was 60 months (range,
36–96 months). No patient was lost to follow-up. One patient
died from heart disease 2 years after the conversion, with no
evidence of recurrent infection.
3.1. Infection-related outcomes and medical complications
No patient experienced recurrent infection and none underwent
re-operation for infection-related reasons. Complications of antibi-
otic therapy occurred in 2 patients: 1 had an allergy to penicillin and
the other infection and thrombosis of the central venous catheter.
Neither complication prevented continued treatment with appro-
priate antibiotics.
3.2. Functional outcomes and surgical complications
Table 2 shows the IKS scores.
In 4 patients, low IKS scores were ascribable to concomitant con-
ditions: incapacitating lumbar canal stenosis, preoperative patella
baja with knee stiffness, incapacitating sciatica refractory to med-
ical treatment and requiring implantation of a transcutaneous
electrical nerve stimulator, and development of osteoarthritis
involving all three compartments of the contralateral knee. The IKS
function score was less than 50 in these 4 patients.
Two  patients each experienced one surgical complication. A
haematoma requiring surgical drainage developed in a patient
on anti-platelet therapy. The other patient also developed a
haematoma, while receiving anticoagulant therapy in an effective
dose, and was  treated by aspiration followed by knee manipulation
under general anaesthesia.
4. Discussion
To the best of our knowledge, there is not published study
focussed speciﬁcally on the management of infected UKA, either
by synovectomy or by prosthesis exchange.
Although UKA infection is rare, it accounts for 3.9% of all knee
prosthesis infections managed in our department. The main limi-
tations of our study are the retrospective single-centre design and
small number of patients. Nevertheless, eradication of the infection
was achieved consistently.
The mechanical results in our case-series were comparable to
those reported after one- or two-step TKA exchange for infection
[13,14] and after conversion of non-infected UKA-to-TKA [15–18].
The considerable bone and ligament damage caused by the infec-
tion and the need for a relatively extensive surgical approach to
allow total resection probably contribute to adversely affect post-
operative knee function.
The persistence of native cartilage and small size of the prosthe-
sis to be removed facilitate joint resection in healthy tissue, after
performing the bone cuts and removing the unicompartmental
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Table 1
Main epidemiological and medical data in the 9 patients.
Age/Sex Reason for UKA Local infection
before UKA
Number of
procedures before
UKA/Total
Failure of treatment to
eradicate the infection
Organism Duration of
infection (months)
Type of TKA
prosthesis
Reconstruction
Aspiration Intraoperatively
83 years/M Primary MTF  OA No 0/2 Yes S. epidermidis S. epidermidis 5 Revision Tibial stem
64  years/M Primary MTF  OA No 1/4 Yes – Enterococcus durans 8 Hinged Tibial wedges
73  years/M Primary LTF OA No 0/1 No S. epidermidis S. epidermidis 84 Hinged Tibial wedges and
stem; femoral stem
67  years/M Primary MTF  OA No 1/3 Yes S. epidermidis S. epidermidis 25 Revision Tibial stem and
femoral wedges
78  years/F Avascular necrosis
of medial condyle
No 0/2 Yes E. coli E. coli 2 Revision Femoral wedges
and stem; tibial
stem
71  years/M Post-traumatic
MTF  OA
No 1/3 No S. lugdunensis S. lugdunensis 5 Revision Tibial wedges and
stem
56  years/M Post-traumatic
MTF  OA
Yes 10/19 Yes S. capitis S. capitis 24 Revision Tibial wedges
51  years/F Primary LTF OA No 0/1 No S. epidermidis S. epidermidis 8 Standard No
36  years/F Post-traumatic PF
OA
Yes 2/3 No – Nutritionally
deﬁcient
Streptococcus
84 Revision No
M: male; F: female; UKA: unicompartmental knee arthroplasty; MTF: medial tibio-femoral; OA: osteoarthritis; LTF: lateral tibio-femoral; PF: patellofemoral; TKA: total knee arthroplasty; E. coli: Escherichia coli; S.: Staphylococci.
C. Labruyère et al. / Orthopaedics & Traumatology
Table  2
IKS scores.
Preoperatively
Median (min–max)
Postoperatively
Median (min–max)
Knee score 60 (25–80) 75 (47–100)
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[27] Hirakawa K, Stulberg BN, Wilde AH, Bauer TW,  Secic M.  Results of 2-stage reim-Function score 50 (0–60) 65 (10–90)
KS: International Knee Society; min: minimum; max: maximum.
mplant. However, the loss of bone tissue related to removal of the
nicompartmental implant often requires the use of techniques
uch as bone defect ﬁlling by grafts or wedges and the implan-
ation of more or less constrained revision prostheses with stem
xtensions [15–19].
The nature and distribution of the causative organisms in our
tudy are similar to those found in a study of infected total hip
rthroplasty (THA) reported by Tsukayama et al. [20] and in a THA
nd TKA cohort investigated by Lortat-Jacob et al. [21]. Coagulase-
egative staphylococci are more common than other organisms
streptococci, enterococci, and Gram-negative rods). Thus, the
acteria responsible for UKA infection in our patients are repre-
entative of those found in joint prostheses infections overall.
Factors supporting the decision to perform one-step UKA-
o-TKA conversion were the preoperative identiﬁcation of the
ausative organism in the joint aspirate, the susceptibility of this
rganism to antibiotics, and the feasibility of complete excision.
he greater ease of infected tissue removal compared to infected
KA may  explain that eradication of the infection was  achieved con-
istently, despite the use of standard antibiotic therapy regimens
nd of non-antibiotic cement.
We  believe that the best indication for one-step UKA-to-TKA
onversion combined with antibiotic therapy is chronic UKA infec-
ion, recovery of the causative organism by preoperative joint
spiration, and feasibility of total infected tissue excision followed
y implantation of a revision prosthesis allowing joint recon-
truction. This therapeutic strategy requires the involvement of a
ultidisciplinary team that includes an infectious-diseases special-
st in charge of prescribing and monitoring the antibiotic therapy.
Another treatment option in chronic infection is two-step pros-
hesis exchange, which is widely used to treat chronic TKA infection
22–27]. This option has the disadvantage of requiring two  surgi-
al procedures separated by a period of limited knee function, even
hen a spacer is used [28]. Further joint excision during the sec-
nd step holds theoretical appeal for eradicating the infection but
xposes the patient to a further risk of infection during implanta-
ion of the new prosthesis. Using this strategy, Hirakawa et al. had
 25% failure rate, with one-fourth of failures due to infection by a
ifferent organism [27].
. Conclusion
UKA infection is unique in that it involves both the prosthesis
nd the native cartilage, neither of which can be treated conser-
atively in chronic forms. The very low incidence and speciﬁc
haracteristics of chronic UKA infection require management by
n experienced multidisciplinary team. After identiﬁcation of the
ausative organism, total synovectomy followed by same-step TKA
nd combined with appropriate antibiotic therapy for 3 months is
ffective.isclosure of interest
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